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Abstract 
Residential, commercial and industrial buildings share nearly one-fourth of the total electrical energy consumption in 
Thailand. The design of energy efficient buildings relies on a selection of appropriate techniques that complement the 
local climate. The two important elements to be considered carefully in tropical climate are the cooling technology 
and the electrical appliances (including the lighting system). In this paper, the focus is on the design of residential and 
commercial buildings in a tropical climate. The literature data and the results from a case study in Thailand are 
gathered and a strategy for energy efficient buildings is proposed. In short, the design of the building envelope, the 
cooling technology and the efficiency of the appliances are the crucial factors in reducing energy consumption. This 
investigation shows that building energy demand could be reduced by as much as 28% through the use of low thermal 
conductance material alone for a building wall. 
 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Research 
Center in Energy and Environment, Thaksin University. 
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1. Introduction 
Thailand is advancing in terms of the strength of the economy and the affluence of society. More and 
more people live in modern style buildings which mostly adopt a brick or concrete building type from 
western cold climate style. This style is not particularly suitable for the tropical climate area due to the 
excess heat stored in the building walls and the poor ventilation. However, it is widely accepted and it is 
popular throughout the country. In addition, several convenient appliances are well equipped in buildings 
such as air conditioning system, water heating unit, refrigeration, lighting, microwave, computer, large 
screen television and so on. This has become common for buildings in urban area. Statistically, the 
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building sector has shared nearly one-fourth of annual electrical energy consumption in Thailand [1]. It 
has dramatically increased in the last decade and hence requires high attention.  
There are no other building components, in residential and commercial buildings, that would greater 
care than an air conditioning system. A climate change study suggested a relationship between an 
increasing world temperature and an installation rate of heating ventilating and air conditioning (HVAC). 
Moreover, a conventional source of energy from fossil has been largely taken for generating electricity, a 
final energy requirement, also concerned by energy conservation. 
In order to provide solutions to the energy problem, several steps on building energy conservation have 
been acquired since the legislation of the Energy Conservation Promotion Act (ECP Act) in 1992 [2-3]. 
The fund available for energy conservation activities called ENCON Fund is promoted in 1995. Building 
energy regulation has been actively practiced ever since. Lots of programs involve such as retrofit, 
renovation and demand side management. A revised building energy code released in 2009 has included 
large and very large buildings which defines by the floor area over 2,000 m2 and exceed 10,000 m2 
respectively. More detail of an implementation of building code in Thailand can be found [4]. This 
building code applies to official, governmental and commercial buildings. The following elements are 
described in the building regulations; building envelope, lighting, air conditioning, water heating, overall 
energy consumption, renewable energy utilization [2]. Apart from the building energy conservation, the 
utilization of renewable energy in buildings has found to be rather low. 
It is emphasized that a coefficient of performance for the small air conditioning system with capacity 
no more than 12,000 BTU is required at 3.22.  Overall Thermal Transfer Value (OTTV) is simply defined 
as the ratio of heat gain through building envelope per area of building envelope, opaque and transparent, 
in the unit of W/m2. The OTTV is the same concept as the formula used in the Singapore code and Hong 
Kong code. This relates to the performance of wall, lighting and air conditioning as to measure annual 
energy consumption of the whole building. In the building envelope framework, another formula is 
required by the Thailand building code that is the roof thermal transfer value (RTTV) [2]. The two values 
are limited for the air conditioning buildings as shown in table 1. 
 
Table 1. Building regulation for air conditioning buildings 
 
 Building types   OTTV (W/m2) RTTV (W/m2) 
 
 School and office not over 50 not over 15 
 Theater, shopping mall and department store not over 40 not over 12 
 Hotel, hospital and condominium not over 30 not over 10 
 
Source: [2] 
 
The study in Hong Kong has raised the questions on how to regulate energy performance of air 
conditioned building by using the OTTV [5]. It is shown that even the use of OTTV with the employment 
of pre-calculated coefficients under specific conditions may not be capable of reflecting the real thermal 
performance of the building envelope. Furthermore, the method is subject to the uncertainties and 
inconsistencies with the building envelope, thus it might not be appropriate to consider it as part of the 
building energy code. 
In addition, a new approach for the energy efficient building such a zero energy building (ZEB) is 
introduced. The concept and procedure is adopted by several countries such as USA and European 
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countries e.g. the Netherland, Denmark, Italy etc. It would later distribute to other countries in the year to 
come due to the awareness of building energy conservation. Although, the ZEB has been started on the 
practice in many countries, it has given variety of definition [6]. It is questioned on this followings; how 
energy is consumed and generated, whether the supply of renewable energy is on-site or off-site, a 
measure unit refers on how it is delivered or compares in term of primary energy, CO2 emission and cost 
of energy. In addition, a measuring method has also heavily discussed [6-8]. It has come into attention 
and challenge for architecture and building engineering. 
In this paper, building design in the tropical climate is discussed with reference to the literature and to 
results from our own case study. A strategy for energy efficient building is proposed, which considers the 
building envelope, low energy for cooling and suitable electrical appliances. 
2. Thermal Comfort  
In order for humans to occupy indoor spaces, the thermal comfort plays a crucial role. Cultural and 
personal experience could have an effect to human comfort experience. Duration of stay in one climate 
condition also affect the human adaptation to the level of comfort this is known as adaptive comfort 
model. 
Important factors to create building thermal comfort are air movement, air velocity, temperature and 
humidity. Three ways of heat transfer, conduction convection and radiation, are involved the heat flow to 
the building as illustrate in Fig.1. An ambient air draws by the chimney to the ceiling and also flows into 
a building openings, windows and doors, this causes a movement of air and benefits the natural 
ventilation as shown in Fig.1. 
The study shows the thermal comfort zone for Thai people varies at the temperature between 24 oC 
and 27 oC and relative humidity of 50% to 60%. The weather data, the air temperature and relative 
humidity throughout the year for Thailand, plot on a Phychrometric chart as shown in Fig.2. The thermal 
comfort zone can also be found in the figure. The adaptive thermal comfort model suggested that humans 
adapt themselves for other indoor environmental condition regarding to where and how long they live in 
the hotter or the milder weather condition. It was reported that people lived in the center of Thailand felt 
comfortable at a little higher temperature than people living in the north [14]. 
 
 
Fig. 1. Solar gain and air flow in the building. 
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Fig. 2. The condition of air throughout the year and thermal comfort zone for Thailand on the psychrometric chart.  
3. Building Energy Efficiency 
3.1. Passive technique 
Natural Ventilation can be done throughout the design on the window and door opening to allow the 
air movement in the building. With good design such as stack ventilation, the air velocity inside the 
building could reach the speed where it benefits to the evaporation on the human skin. This technique 
gains a good result with for acclimatization where people feel comfort at higher temperature than stated in 
the standard ASHRAE 55. 
3.2. Building envelope 
In a case study, a two-storey house conventionally no mechanical cooling systems was investigated 
[13]. The effect of recently installation of an air conditioning unit on the building cooling energy demand 
was studied using the energy simulation. It was showed that changing a building wall material from 
concrete block hollow to aerated concrete can save up to 28 % as seen in Fig.3. According to the study 
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result, the heat transfer rate through the building via the opaque area, wall and roof, and transparent area, 
fenestration, are difference and also the orientation of those two area affect to the requirement of building 
energy consumption. It was found that a house faces south, where the air conditioned room is in the front, 
requires window shading as to avoid heat accumulating in the room during the day. 
The result from the building case study can be improved by using low thermal conductivity for wall 
material, window shading and natural ventilation.  It can be seen that the window shading by the roof and 
the horizontal over hang at the single glazed window of the air conditioned room could reduce building 
energy demand further. 
 
 
Fig.3.Cooling energy demand for each house orientation with two type of wall materials: concrete block hollow (W1) and aerate 
concrete (W2) at the same period of air conditioning operation. (The data taken from the previous work [13]) 
3.3. Analysis and discussion: Case study and literature 
The design thermal environment was recommended using an operative temperature indicated in an 
international standard DIN EN 15251:2007-08 [16]. There are three categories as high expectation level, 
normal expectation level and moderate level. The first one, I, is the condition referring to a very sensitive 
person included sick, young children and elderly persons. Second (II) and third (III) refer to a new or 
renovations building and an existing building respectively. It is stated an outline for an indoor 
temperature, the limitation of the three categories is calculated using the equations shown in table 2. 
 
Table 2 Suggested indoor temperature for three building categories (DIN EN 15251)[16] 
 
Category Upper limit Lower limit 
I Ti,I,max = 0.33Trm+ 18.8 + 2 Ti,I,min = 0.33Trm+ 18.8 - 2 
II Ti,II,max = 0.33Trm+ 18.8 + 3 Ti,II,min = 0.33Trm+ 18.8 - 3 
III Ti,III,max = 0.33Trm+ 18.8 + 4 Ti,II,min = 0.33Trm+ 18.8 - 4 
 
Where Ti is a limit value of indoor operative temperature and Trm is running mean outdoor temperature 
(oC). The range of operative temperature is between 10 oC and 30 oC for upper limit and between 15 oC 
and 30 oC for lower limit. 
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Fig.4. Simulation result of indoor operative temperature of the house with shading and natural ventilation in the boundary of indoor 
temperature based on DIN EN 15251 (The data taken from the previous work [15]) 
 
 
Fig.4 shows the simulation result of indoor operative temperature of the house without air conditioner 
in the boundary of indoor temperature based on DIN EN 15251. The operative temperature falls in the 
category II and III. Providing a shade on a single glazed window and increase an air change rate, 
demonstrate air ventilation, up to 10, the thermal comfort area is enlarge to 87 per cent in category II and 
97 per cent in category III [15]. This can be concluded that by using air ventilation the thermal comfort 
can be achieved at lower rate of building energy consumption due to no requirement of air conditioning 
system. 
To improve thermal comfort in warm and humid climate, natural ventilation plays an important role 
[10]. The dynamic computer simulation was used. The potential of thermal mass effect, exposed mass and 
night purge ventilation, passive solar heating, natural ventilation, direct and indirect evaporative cooling 
was studied. The thermal comfort was calculated based on the neutral temperature approach in the 
adaptive model. This temperature verified that on average a large number of people would not feel hot or 
cold. It is a function of the average outdoor temperature. The number of data points inside the defined 
comfort zone, relate to the neutral temperature, then compared with the extend comfort zone as to 
determine the effectiveness of each passive technique.  Simulation results showed the samples of the three 
climate zones that natural ventilation could improve the thermal comfort in a tropical climate country, 
Malaysia, and in a temperate climate, Kunming, but not in subtropical climate, Hong Kong. Natural 
ventilation could improve the thermal comfort from 50% to 36% in Manila and Bangkok respectively. 
For the building orientation, it was pointed out as substantial. 
Light color surface and thermal mass appeal to hot and humid climate which base on the study result 
of buildings in Hong Kong [12]. It was reported that color of building envelope was some certain degrees 
on the indoor temperature but varies with the solar radiation and thermal mass. The lighter color is the 
better. Although, the thermal mass is useful in case of providing large time lag hours and reduce day time 
cooling requirement, it could affect the night time habitat. The storage heat in mass radiates to indoor 
space which causes high air temperature at night. The size of air conditioning system can be reduced 
greatly due to the decrease and delay of peak temperature during daytime. On the contrary with other 
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circumstances, cooling energy stored in the thermal mass during the night hours successively slow down 
the heat gain during the day. Thus, the building function and circumstances were the key issue. 
Lechner [9] suggested three levels of a sustainability design of heating, cooling and lighting as seen in 
Fig.2. First, a basic building design should cover with heat retention, rejection and avoidance. Second, the 
natural energies and passive techniques must be utilized this involve a direct solar gain for cold climate, 
ventilation and day lighting for warm climate countries. Third, the mechanical and electrical equipment 
should be avoided as much as possible. In brief, the design of the building and the use of building 
material as well as surrounding management are the important factors to achieve an energy efficient 
building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Three levels to be practiced for building energy efficiency (modified from [9]) 
 
Mechanic cooling systems should be considered only when and where high efficiency techniques are 
applicable. The energy supply to the building from renewable resource shall be used as a base in which an 
extra requirement can be retrieved from the grid. 
Furthermore, buildings should be located in good surroundings which respect the direction of wind 
flow, vegetation area to cool down the surrounding air before passing into the building and planting to 
provide shading. The traditional Thai style building is a good example for a well design of natural 
ventilation. The high floor allows the air flow under the floor for cool air ventilation.  High gable roof and 
fairly large slope eaves protect building solar gain and draw cool wind through indoor environment; thus, 
thermal comfort can be achieved. Apart from that, the surrounding of house should be contain plants to 
improve micro bio-climate which can provide solar shading and at the same time give low ambient 
temperature for the wind to flow pass and draw in the cool air to building. 
Finally, an energy certificate is considered useful to classify buildings and to manage them effectively. 
Moreover, there should be a good policy to encourage the owner and architect to improve the design for 
conserving energy in the building. In the earlier stage, the law shall apply to new building and then 
expand to the range of aged building such as 10-20 years, 20-40 years and so on. 
 
 
 
Building design 
Cut down building heat gain 
e.g. insulation, construction material, efficient 
appliances etc. 
Passive system 
Thermal comfort 
e.g. natural ventilation, day lighting  etc. 
Mechanical equipment 
HVAC and Renewable energy  
e.g. evaporative cooler, fan, PV 
etc. lighting  etc. 
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4. Conclusion  
The influential factor affecting the building energy consumption is the building envelope, especially 
the selection of materials and design, and also the surroundings such as plant and vegetation to benefit the 
natural ventilation. Other important factors include the efficient lighting, heat ventilation and air 
conditioning (HVAC) systems. 
The building envelope, cooling system and appliances should be carefully considered in the design of 
buildings, particularly in tropical climates such as Thailand. The climate has an important effect on the 
selection of a suitable technology for building such as a cooling system and high efficient appliances. 
Finally, thermal comfort should be achieved at low building energy consumption where natural 
ventilation is based. 
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